OBJECTIVE. As the number of diagnostic imaging studies performed has increased, the demand for sedation in support of these radiologic tests has also increased. Our objectives were to (1) assess the safety and efficacy of a radiology sedation service that is staffed exclusively by pediatric emergency medicine (PEM) physicians, (2) determine the frequency and the type of commonly performed pediatric imaging studies that require procedural sedation, and (3) assess the average duration of procedural sedation for commonly performed radiologic studies.
P ROCEDURAL SEDATION IN radiology departments historically has been performed under supervision by pediatric radiologists or anesthesiologists. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] With an increase in the frequency of imaging studies in pediatrics, there has been a corresponding increase in demand for procedural sedation to facilitate these radiologic tests. Moreover, regulatory changes from Joint Commission on Accreditation of Health Care Organizations have required hospitals to develop guidelines for safe delivery of sedation and analgesia. 18 Limited resources within departments of anesthesiology and an overall increase in procedural sedation outside the traditional operating room setting have led to the provision of this service by nonanesthesiologists. 19, 20 More recently, pediatric emergency medicine (PEM) physicians have begun to provide sedation for imaging studies to meet this increasing demand. 21 Compared with adults, children have greater risks associated with deep sedation. 22, 23 In addition, the resources that are consumed during deep sedation are greater for children than for adults. 22, 23 Deep sedation (or monitored anesthesia care) involves monitoring that is sufficient to anticipate the potential need to administer general anesthesia during procedures. It requires careful and continuous evaluation of various physiologic functions and recognition and treatment of adverse events. The Center for Medicare and Medicaid Services (CMS) recognizes this type of service as payable, if medically necessary. The national Correct Coding Initiative of the Center for Medicare and Medicaid Services recommends the use of anesthesia codes for deep sedation when administered by another physician or anesthesiologist in support of a radiologic procedure. 24 The objectives of our study were to (1) assess the safety and efficacy of a radiology sedation service (RSS) that is staffed exclusively by PEM physicians, (2) determine the frequency and the type of commonly performed pediatric imaging studies that require procedural sedation, and (3) assess the average duration of procedural sedation for commonly performed radiologic studies.
METHODS
This retrospective observational study analyzed our experience providing a RSS. We are a university-affiliated group of 12 academic PEM physicians who provide sedation between 7 AM and 5 PM, Monday through Friday, in support of radiologic procedures at an urban tertiarylevel children's hospital. The group is also responsible for staffing the emergency department, whose annual census is 70 000 patient visits.
Our RSS, staffed exclusively by board-certified or -eligible PEM physicians, was established in September 2003. The hospital administration had initially approached our division about this service opportunity.
We provide coverage from 7 AM to 5 PM on weekdays. A dedicated PEM provider was solely responsible for staffing the service. This physician does not have any additional patient care responsibilities in the emergency department. All of the PEM physicians in our group provide rotating coverage for the sedation service.
This was a consecutive sample of patients who received procedural sedation in the department of radiology. We obtained patient encounter data from billing records of patients who received care from our RSS during 2004. All cases were captured and had a bill submitted by our billing company. This was independent of whether the bill was eventually written off. No cases were excluded.
Our standard record for a patient encounter involves 4 pieces of documentation. First is a consultation report rendered by the PEM physician, at the request of the radiologist. This includes a standardized presedation risk assessment. Second, it includes documentation by the sedation nurses of their presedation screening and monitoring during the procedure. Third is generation of a billing encounter form. Fourth is an entry of key identifiers into a sedation log. The log includes the patient name, medical record number, type of drugs administered, and documentation of any adverse events or sedation failure. Our sedationists complete these 3 forms contemporaneously. We have included a blank template of the consultation report, sedation record, and encounter form as Figs 1, 2, and 3, respectively.
Cases that involved an adverse event or a sedation failure were identified from the sedation log, and the complete sedation record then was reviewed retrospectively for additional details. An adverse event was deemed significant when it resulted in interruption of the scan or precluded completion of the radiologic study. A sedation failure was defined as noncompletion of a radiologic study because of inability to achieve an optimal sedation level despite maximum doses of sedative medications. The latter was based on our institution's preapproved medication protocols (Table 1) and clinical judgment of the sedationist.
Usually, the sedationist monitors 1 patient at any given time. However, 1 patient may be induced while the other is being recovered after the scan is completed. Nil per os criteria were in accordance with the institution's guidelines (Table 2) . They are based on the American Society of Anesthesiologists' (ASA's) procedural sedation fasting guidelines. 25 Details of adverse events encountered were obtained by review of the logbook by one of the authors (J.P.). The medical record then was retrieved to obtain additional clinical details and outcome.
Our medical billing company, Med-A.R.M., Inc, which has been in operations since 1986, employed the chart abstractors. Their mission is to provide excellence in accounts receivable management. Two abstractors were assigned to recording data from our sedation encounter forms (Fig 3) The abstracted data points included the ASA physical status modifier, start time, end time, and type of sedation. A systems analyst, who has a bachelor's degree in computer science and is employed by Med-A.R.M., conducted the data analysis. The chart abstraction process by the billing company did not involve subjective interpretation of the encounter but rather transfer of data from the encounter form to a spreadsheet. The level of sedation, as noted on the billing encounter form, was based on whether the patient had received oral or parenteral medications.
At our institution, board-certified PEM physicians, critical care physicians, and anesthesiologists are approved for procedural sedation (moderate and deep) on the basis of their advanced training and core hospital privileges. Pediatricians and PEM fellows must obtain moderate sedation privileges through the medical staff 
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PERSHAD and GILMORE credentialing process. Their training requires completion of a 4-hour didactic sedation course, obtaining a passing score on the posttest, demonstration of airway competency skills, a current Pediatric Advanced Life Support certification, and advanced airway training in rescue bag-valve-mask and intubation techniques. They are also required to perform 5 procedural sedations under the supervision of a PEM physician with privileges in provision of moderate and deep sedation (Fig 4) .
RESULTS
Total visits to the radiology department during this period were 49 804. There were 2473 MRI, 7494 computerized tomography, and 688 nuclear medicine imaging studies performed. The RSS recorded 1285 patient encounters that required varying degrees of sedation to facilitate diagnostic imaging. A total of 1027 patients received deep sedation, generating 11 135.6 anesthesia work units. Anesthesia units refer to time units of 15-minute duration. They represent the time when the patient was monitored continuously by the sedationist. A total of 258 patients were administered moderate sedation, 10 of whom were inpatients. Consultation Cur- Table 3 lists the frequency, median duration, and range for procedural sedation times for the most commonly performed diagnostic imaging studies. Table 4 shows the ASA risk-class distribution for patients who received deep sedation. 25, 28 Sixty-five patients experienced multiple sedations on different days totaling 209 repeat encounters. A breakdown of repeat sedations in individual patients is shown in Table 5 . Agents that were used to provide deep sedation were pentobarbital (with midazolam, fentanyl, or both) in 65% of cases, propofol in 31%, and ketamine (with or without midazolam) in 4%. Moderate sedation was achieved by using chloral hydrate (in infants who were younger than 1 year) in 86% of cases and oral diazepam in 14% of the cases. In cases in which painful procedures such as renal biopsy were to be performed, ketamine (with or without midazolam) or propofol (with fentanyl) were also administered.
Three imaging studies were aborted because of failure to sedate despite maximal doses of medications. Three children experienced adverse events. In 2 of these patients, the adverse events precluded completion of their diagnostic imaging. One infant was sedated successfully for a cranial MRI but woke up just before initiation of his neck MRI. The remainder of the studies were accomplished successfully (Table 6) .
Five patients were referred electively for general anesthesia because they were deemed high risk on their presedation evaluation. Three of these patients belonged to ASA class IV, and 2 were assessed to have a potentially difficult airway. One patient's intravenous access had infiltrated and precluded additional administration of sedatives. Another patient's imaging study was cancelled when we discovered that the patient had not met our institution's nil per os criteria.
DISCUSSION
We are aware of 1 previous study that described a propofol-based protocol for sedation to facilitate brief outpatient painful procedures in a pediatric emergency department-affiliated short-stay unit. 29 Patients in this study received sedation by a team led by the on-call pediatric emergency attending or fellow. The majority of the procedures were lumbar punctures and bone marrow aspirations. Their data set did not include sedations to facilitate diagnostic imaging. In contrast to the study by Guenther et al, 29 this study involved a range of brief and prolonged outpatient radiologic procedures that were performed by a PEM physician who was solely responsible for procedural sedation in the radiology suite.
Our study demonstrates that although a dedicated RSS is a time-and resource-intensive commitment, PEM physicians can meet the service demands of the radiology department at a high-volume tertiary-level pediatric facility. There was a low incidence of significant adverse events and elective referrals for general anesthesia. This is consistent with preliminary data from an RSS staffed conjointly by PEMs and intensivists. 21 This study had several limitations. As a retrospective analysis, it was subject to reporting bias. Furthermore, because it represents the experience of 1 center, the data cannot be extrapolated to other settings. In addition, multiple agents, based on the preference of the PEM provider, were administered to facilitate sedation. The lack of a standardized protocol limits comparison across patient groups.
Because we did not include assessment of the depth of sedation as part of our usual protocol for monitoring patients during the study period, the definition of deep and moderate sedation was based on the anticipated level of sedation. When patients received chloral hydrate or oral diazepam, it was considered "moderate" sedation. Parenteral administration of sedatives such as ketamine, pentobarbital, and propofol was considered "deep" sedation. We recognize that several of our patients who were administered propofol-or pentobarbital-based regimens or ketamine may have been assessed under the category of general anesthesia at some time during their procedural sedation. This is a limitation of the study. We have since then incorporated depth of sedation and end-tidal carbon dioxide monitoring to our protocols. Another limitation of the study was that minor adverse events that did not interfere with the imaging study were not reported. These events included pain on injection, transient hypoxia that resolved with supplemental oxygen, and airway repositioning or emergence reactions that were not systematically assessed. The study also did not compare the frequency of failed sedations, number of patients who were referred for general anesthesia, adverse events and throughput times, and pre-and postintroduction of the RSS. Hence, we cannot assess the impact of implementation of the RSS on the aforementioned patient care-related metrics.
CONCLUSIONS
Our data suggest that a PEM physician-driven radiology sedation service can be a safe and effective clinical enterprise with a low incidence of significant adverse events and elective referrals for general anesthesia. Sedations for imaging studies consume significant hospital resources and physician time. This information may be helpful to hospital administrators and emergency physician groups that plan to implement a pediatric radiology sedation service.
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